Introduction
Approximately 3 billion people, most of whom live in Asia, Africa, and the Americas, rely on solid fuels (i.e. wood, crop wastes, dung, charcoal) and kerosene for their everyday cooking energy needs. Socio-economic development over the last 30-40 years has resulted in relatively lower percentages of people using these fuels, but the concurrent increases in population mean that the absolute number of people relying on them has not changed (World Health Organization, 2014a) . If policies on energy access for poor countries do not change radically, particularly in Africa, we will see littleif anyfurther reduction in the numbers of people relying on pollutingsolid fuels and kerosene (International Energy Agency, 2016) .
children, but also from chronic respiratory disease, lung cancer, stroke, and cardiovascular disease in adults (GBD 2016 Risk Factors Collaborators, 2017 World Health Organization, 2014b) . HAP also increases the risk of vision loss through cataracts, is a risk factor for low birth weight, and contributes to ambient air pollution and its concomitant health burdens. Beyond the air pollution-related health impacts, traditional cooking is also responsible for a substantial share of the global burden of severe burns and injury, with 95% of deaths from burns occurring in developing countries.
The WHO Indoor Air Quality Guidelines (IAQ Guidelines) for Household Fuel Combustion, published in 2014, provide recommendations to assist countries in designing policy that can reduce and ultimately eliminate the adverse health impacts of HAP (World Health Organization, 2014b) . The evidence underlying these recommendations identified two key issues for policy on cleaner household energy:
• The relationship between exposure to fine particulate matter smaller than 2.5 μm (PM 2.5 ) and health risks for most health outcomes linked to HAP exposure is non-linear, such that exposure levels need to be reduced to values close to the actual guideline (10 μg/m 3 ) to avert the majority of the adverse health impacts (Burnett et al., 2014; World Health Organization, 2014b ). • While improved solid fuel stoves in everyday use, especially those with flues/chimneys, were found to result in substantial reductions of around 40-50% on average in kitchen PM 2.5 , the resulting levels were still well above the WHO guideline. This finding implies that substantive health benefits would not be achieved with currently available improved biomass stoves, and that sustained communitywide use of clean fuels such as LPG, biogas, ethanol, and electricity is required (Bruce et al., 2015; Pope, Bruce, Dherani, Jagoe, & Rehfuess, 2017) . Studies investigating the effects of improved biomass stoves on health outcomes such as childhood pneumonia have generally resulted in small if any effects on health, findings that leading researchers suggest may be driven by PM 2.5 exposure reductions that were insufficient to achieve health gains (Miele & Checkley, 2017) .
The International Organization for Standardization's (ISO) Interim Workshop Agreement (IWA) Guidelines for evaluating cookstove performance (ISO/IWA, 2012) (and new international standards for cookstoves and clean cooking solutions, in development) provide tiered ratings (scored from 0 to 4) based on four dimensions of performance: Fuel Use (Efficiency), Emissions, Indoor Emissions, and Safety. These laboratory test-based standards are now increasingly being applied to assess the potential benefits of candidate stoves and fuels. Results for the Emissions dimension are based on measured emissions of CO and PM 2.5 using the Water Boiling Test protocol (Global Alliance for Clean Cookstoves, 2014) .
It is important to note that the effectiveness of "improved" stoves at reducing levels of household air pollution when in everyday use in the home is often diminished relative to laboratory evaluations, due to a variety of factors influencing quality of fuels and energy use behaviors at the household and community levels (Ezzati & Baumgartner, 2017; Wathore, Mortimer, & Grieshop, 2017) . Based on this evidence, the WHO IAQ Guidelines emphasize the importance of giving priority to the cleanest fuelsi.e. gas (natural gas, LPG and biogas), electricity, and other modern fuels that are the least polluting energy solutions (Recommendation 1)while recognizing that this will not be achievable for all in the short-to medium-term (Recommendation 2). It is pointed out, however, that improved/advanced biomass stoves promoted as 'interim' technologies should perform well enough to deliver some health benefit. Moreover, while safety from burns and related injuries related to cooking is only beginning to be well documented (Diekman & Pope, 2014 ; Global Alliance for Clean Cookstoves, 2018b), our ultimate objective is to accelerate cooking that is both clean and safe.
We chose to focus on the technologies that have received the IWA Tier-4 (highest) ratings for emissions for selecting the "clean" cooking programs eligible for inclusion in this case study series. This criterion limited the case studies to those programs focused on gas stoves (biogas/liquefied petroleum gas), 2 alcohol (ethanol/methanol), electricity, and the very limited number of biomass stove/fuel combinations that have met the ISO Tier-4 standard for emissions, all of which used processed biomass fuels such as biomass pellets in fan-assisted stoves (Global Alliance for Clean Cookstoves, 2018a; Shen et al., 2018) . We have focused on the above technologies because they can conceivably displace most cooking practices in homes in LMICs, and broad scaleup of each is feasible and already in motion in multiple countries. While other technologies, such as solar photovoltaics to power induction cooktops, may offer promise in the future, they are generally not yet feasible at scale in low-income settings (Puzzolo, Pope, Stanistreet, Rehfuess, & Bruce, 2016) .
The papers in this series reflect a collaborative effort under the Clean Cooking Implementation Science Network (ISN) supported by the National Institutes of Health (NIH) and partners. The ISN, an implementation science platform, aims to develop tools, methods, and evidence to advance the uptake and sustained use of clean fuel-based cooking in Low and Middle-Income Countries (LMICs). We aim to move beyond the technology, epidemiology and efficacy studies that have dominated the first generation of HAP and clean cooking research, and to accelerate implementation of the cleanest possible options with a clearer understanding of the contextual and programmatic features that facilitate and constrain both research and programs (Puzzolo et al., 2016; Rosenthal et al., 2017) . Indeed, the field of implementation science offers an important approach to these issues and may help accelerate scale-up of the most promising technologies by identifying and addressing national, regional, and local challenges related to adoption and sustained use of clean cooking technologies.
The ISN identified the need for a systematic set of case studies examining clean cooking program rollouts during a network meeting in May of 2016. Research, practice and policy communities need to critically examine the "natural experiments" unfolding around the world in order to build robust and actionable evidence on what works to promote energy transitions and to further understand the barriers and facilitators of adoption of clean cooking alternatives. Literature documenting these efforts is sparse and frequently buried in the gray literature, which has inhibited learning beyond general programmatic description.
To move beyond general identification of probable facilitators and barriers to scaling up use of clean cooking fuels and technologies, we need quantitative and qualitative analyses and cross-program comparisons of processes and results. As such, the case studies in this series are an important step toward building the experiential base for more generalized learning. The identification of cases and the steps we have taken to develop them represent a network-driven process led by ISN members. Following a consensus meeting of the ISN, a working group comprising the authors of this manuscript laid out fundamental criteria and a process for case selection. These included the need for representation across the portfolio of clean cooking technologies and for inclusion of both historical programs and current ones intended to be taken to further scale (retrospective and prospective evaluations). The working group also stipulated a minimum size of programs (at least 2500 homes), and that case study developers demonstrate the existence of a critical mass of existing information about the program.
2 Although to date no biogas stoves have been tested against the ISO/IWA standards, biogas fuels have been previously shown to have combustion efficiencies and particle emissions comparable to LPG. See, for example: Smith, K., Uma, R., Kishore, V., Lata, K., Joshi, V., Zhang, J., et al. (2000) . NIH staff distributed an invitation through the network that offered financial support for the development of the case studies. Proposals were reviewed initially by the case study working group and finalists were reviewed by the ISN Steering Committee. Because few of the initially competitive proposals focused on non-LPG fuels, we reached out to individuals and organizations to solicit additional proposals on wood pellets, ethanol and biogas to round out the portfolio.
We chose to use a widely-utilized implementation science framework, Reach, Effectiveness, Adoption, Implementation, Maintenance (RE-AIM) as an organizing method to identify and evaluate the case studies. RE-AIM was first developed in 1999 as a tool to encourage the balance between internal and external validity when developing and testing interventions, with the goal of increasing the generalizability of research findings and producing programs and policies with a higher likelihood for uptake and sustainability (Glasgow, Vogt, & Boles, 1999) . Since then it has been employed over a wide range of public health domains: in planning as well as reporting, in research as well as applied to policies and community interventions, and in numerous applications within environmental health (Gaglio, Shoup, & Glasgow, 2013; King, Glasgow, & Leeman-Castillo, 2010) .
Briefly, the dimensions of RE-AIM can be summarized as in (Glasgow & Estabrooks, 2018) :
• Reach is the number, proportion of the intended audience, and the representativeness of participants compared with the intended audience, i.e.: "Who is (was) intended to benefit and who actually participates or is exposed to the intervention?" • Effectiveness is the degree to which the intervention changes intended outcomes, including producing unintended or negative results, i.e.: "What are (were) the most important benefits you are trying to achieve and what is (was) the likelihood of negative outcomes?" • Adoption is the number and proportion of settings and staff members that agree to initiate program or policy change and how representative they are of the intended audience in terms of the setting and the staff, i.e.: "Where is (was) the program or policy applied (and who applied it)?"
• Implementation is the degree to which those settings and staff members deliver a program or apply a policy as intended, the adaptations made, and the related costs, i.e.: "How consistently is (was) the program or policy delivered, what adaptations to the original plans were made, and how much does (did) it cost?" • Maintenance is sustained effectiveness at the participant level and sustained (or adapted) delivery at the setting or staff level, i.e.: "When will (did) the initiative become fully operational, how long do results last, and how long will (was) the initiative sustained?"
The RE-AIM framework was utilized at multiple points in the case study development process: to evaluate proposals, as a guide for case study developers in gathering data, to generalize across the case studies, and by some authors as a framework for structuring their manuscripts. A manuscript documenting this process in detail is in preparation (Quinn et al., in preparation) .
An initial workshop among case study developers and other ISN members was held shortly after the selection of projects, in June 2017, to share approaches and common objectives. A second workshop to present and discuss findings was held six months later, in December 2017. Initial drafts of the studies were reviewed by ISN members and the editorial team prior to revisions and submission for peer review to this journal. The resulting case studies that have been recommended for publication through peer review are outlined below, and each is presented in detail by the investigators in this Special Issue.
Description of case studies
The case studies presented here illustrate a variety of fuel and stove types in multiple contexts across Sub-Saharan Africa, Asia, and Latin America ( Fig. 1 and Table 1 ). Because LPG is the clean fuel with the greatest current and historical scale-up activities around the world, it is unsurprising that five of the eleven projects selected focus on efforts around this technology. The other six projects comprise two using ethanol, two using biogas digesters and stoves, and two focused on compressed biomass fuels (pellets and briquettes).
The programs reflect different time scales: from decades-long efforts (e.g. Ecuador) to active programs early in their inception (e.g. Nigeria); and different geographic scales: from nationwide initiatives (Indonesia) to those targeted to restricted zones and refugee camps (Ethiopia). Most are retrospective, but some of the case studies describe programs that are actively in development (e.g. Cameroon). The teams developing these case studies consist of social and natural scientists collaborating with NGOs and policymakers.
It is also important to note that while several of the programs described in this issue cite health improvements as an objective, and that is our principal interest, none of these programs was explicitly motivated by, nor financed for, health gains as a primary goal. Rather, a diversity of environmental, economic, and other social protection goals have been primary.
The studies draw on academic literature, policy and program reports and documentation, household surveys, and structured and unstructured interviews with policymakers, development professionals, entrepreneurs and community representatives. All studies include both quantitative and qualitative data.
All studies were asked to focus on questions related to scale-up and to include policy and program background where possible, as well as household-level information on uptake and use of the technology. RE-AIM was adapted to this purpose and used as a framework to organize and compare key elements of the very diverse information relating to the differing fuels, settings, scales and stages of the programs, as well as the differing interests of the case study teams. A summarized version of that data is available in the Supplementary Information.
Liquefied petroleum gas (LPG)
The five LPG programs in this series differ substantially from one another in scale, geographical context, financing, and distribution approach. However, all are programs set up by national governments. The oldest program described here is the national program in Ecuador, which began in the 1970s and today reaches approximately 90% of households across the country (Gould et al., in this issue). Its success is primarily a function of the very large subsidy provided by the national government. However, the subsidy has also created a substantial financial burden to the government, and Ecuador has more recently also launched an electric induction stove program. Meanwhile, Indonesia's kerosene-to-LPG conversion program started in 2007 and is still advancing to the most remote parts of this sprawling nation of 260 million inhabitants (Thoday et al., in this issue). In 2012, the Peruvian government launched an innovative LPG subsidy as part of its Fund for Social Inclusion for Energy to reach the poor (Pollard et al., in this issue). In Ghana, the Ministry of Energy began targeting rural households in 2014, with free LPG cookstoves and fuel cylinders in support of a national target of 50% LPG access by 2020 (Asante et al., in this issue). The newest program is that of Cameroon. As of 2016, this country has set an ambitious national target of scaling up LPG usage from 15% to almost 60% of households by 2035 (Bruce et al., in this issue).
Biogas
Biogas from household-scale digesters is a growing technology with promise in settings with ready access to animal waste to feed digesters. The program in Cambodia, initiated in 2006 (Hyman et al., in this issue), highlights the importance of skilled craftsmen to construct and maintain permanent digesters in order to support the sustainability of this clean fuel. The multi-national East Africa Biogas initiative, which began in 2009 (Clemens et al., in this issue) similarly points to maintenance of digesters as a key concern, despite reported user satisfaction with HAP reductions. Both of these biogas initiatives are financed by the Dutch government under models that aim to develop selfsustaining markets and to achieve an eventual transition away from reliance on donor support.
Alcohol fuel
Alcohol-based stoves, typically using ethanol, methanol or an ethanol/methanol blend, are powered by this clean liquid fuel that can be produced from a variety of sources, most often from sugar (ethanol) or methane or natural gas (methanol). Despite its long history, this technology has received less attention from development agencies than many other cooking fuels (Ozier et al., in this issue). Benka-Coker and colleagues (Benka-Coker et al., in this issue) report the experience since 2006 of two distinct ethanol cooking programs in Ethiopia: (i) a UNHCR-funded initiative with free ethanol stoves and fuel in refugee camps, and (ii) two modelscurrently at small scalefor marketbased ethanol cooking in urban Addis Ababa. Although cooking with ethanol has been found to be popular and safe, the programs have encountered significant fuel supply interruptions. Moreover, the ethanol stove to date has been designed only to address pot cooking and has not addressed baking of the traditional Ethiopian injera, with the exception of the smaller-sized injera cooked by ethnic Somali people. In Nigeria, a private corporation (SNEPCo) is financing an effort to pilot an ethanol-stove distribution and sales program in Lagos, building on positive results from a small-scale health effects trial in Ibadan, Nigeria. This pilot study, initiated in 2017, is being studied by Olopade and colleagues (Ozier et al., in this issue) and they report early findings and guidance for evaluation of the full program when it is further along.
Compressed biomass (pellets and briquettes)
Perhaps the program that differs most from the others is the compressed biomass fuel program in rural China, analyzed here by Carter et al. (Carter et al., in this issue) . This program, unlike most others in this series, takes place in regions where there are substantial heating needs. As China grapples with its air pollution problems, the need for cleaner alternatives to coal and wood for heating and cooking is clear. A way to repurpose crop residue into compressed fuel would seem to offer a compelling alternative to burning the fields. In this case study, Carter et al. focus primarily on issues influencing the large-scale production of these compressed biomass fuels.
The challenge of sustainable, reliable, high quality and cost-effective production and supply of compressed wood pellets for combustion is also a theme of the Rwanda case study (Jagger et al., in this issue) . This innovative effort from a private start-up company, initiated in 2012, aims to match community needs with socially conscious health and environment objectives that bridge both rural and urban users. Among the lessons in this study is that the identification of workable price "packages" to meet the needs of poorer households is a complex issue influenced greatly by cultural financial habits and cash flow.
Clean fuels logic model
The case studies in this Special Issue allow the opportunity to find points of commonality and comparison across a variety of clean stove and fuel programs in a number of LMIC settings. Drawing on previous work by Puzzolo et al. on enablers and barriers to clean fuel scale up and adoption (Puzzolo et al., 2016) , we previously published a basic logic model to aid planning and evaluation of LPG cooking programs with health endpoints (Rosenthal et al., 2017) . Here we have attempted to adapt and generalize that model across the five fuel types using lessons from the case studies in this volume (Fig. 2) .
We propose this conceptual model as a starting point for clean fuel policy and program communities to use in considering the overall needs to be anticipated in planning for a new initiative. It will not replace fuel specific analyses at national or local levels, but may be useful to identifying key components and linkages of the respective fuel systems, to aid in their evaluation across the spectrum of fuels at several scales. Deeper household energy analyses should further employ the facilitators and barriers work by Puzzolo et al. with close attention to local influences.
In this generalized version of the model, the same five main areas have been retained, while specific items within each area have been extended, and examples of their relevance to the various fuels featured are provided. While all five areas are inter-linked, they all operate somewhat independently, as key areas of influence. If, for example, we look at the fundamental issue of fuel costs, prices, and affordability, we can see how the model helps to explain the various factors at work, drawing on some of the experience from the case studies:
1. Government is key in setting the enabling environment, with the right policies, tax structures, and subsidy arrangements (where applicable); governments have a critical role in funding and managing these policies. 2. Government policy and regulation will impact how the industry structure and services function, and their costs (and hence prices), but there are also aspects of industry operations that may be more or less outside the control of government policy. For example, interruptions in supply of ethanol, as seen with production from the main sugar factories in Ethiopia, may affect prices as well as availability. 3. These policies also impact on fuel pricing directly, although there are other factors at work, including international prices which the government cannot directly control, e.g. for LPG, (although governments can smooth these if the LPG market is regulated, as in the case of Cameroon, Indonesia, Ecuador, etc.). 4. Then there are factors influencing consumer demand, which are complex and partly independent of government actions. For eample, government may provide free start-up fuel and stoves as with LPG in rural Ghana and Indonesia, but in the Ethiopian refugee camps, fuel and stoves have been provided free by UNHCR and managed by Project Gaia. In the China study, farmers can exchange biomass feedstock for compressed pellets, thereby disposing of waste they are no longer allowed (by law) to burn, and reducing the cost of the fuel. 5. Finally, there is a set of user and community needs and perceptions around prices and affordability. Although these perceptions are highly influenced by pricing, subsidy, etc., in other 'areas' of the model, community and individual-specific factors may lead to differences even among those with similar income and pricing profiles. For example, people used to buying wood, kerosene or charcoal at periodic intervals may view the prospect of saving up to buy a large LPG refill every few weeks more positively than people who are able to gather free fuel on a daily basis. People in different communities may also have differing aspirations for cleaner fuel based on marketing or other factors, or have contrasting experiences of fuel safety that influence their perceptions and habits.
Key questions emerging across the case studies
The ISN's overall strategy for learning from this case study project includes a follow-on series of cross-cutting papers on themes that have emerged from the case studies in this Special Issue. These manuscripts, currently in preparation, will provide in-depth dives into specific facets of clean cooking programs that could provide insight to policymakers, program managers, and researchers. For example:
How can clean fuel be supplied in a reliable and predictable manner?
Many of the clean fuels we have examined have been threatened by periodic fuel supply challenges, whether because of market circumstances (e.g. due to international price fluctuations for LPG) or technical challenges in production (e.g. due to quality and quantity of raw materials for biomass fuels, Jagger et al.; or for ethanol refinement, Benka-Coker et al.) . Any interruption in supply of a clean fuel creates a powerful incentive or even a necessity to revert temporarily or permanently to solid fuel use, as cooking and heating needs don't cease. Efforts to examine fuel supply challenges, and to develop strategies to overcome them, are keenly needed.
How can we address the fact that households everywhere "stack" cooking technologies?
An implicit assumption in clean cooking programs has been that newer, cleaner fuels would completely replace dirtier fuels. Where case studies have been able to examine household-level stove use, however, a main finding is that households overwhelmingly continue to use traditional biomass-burning stoves in addition to the clean fuel stove, a practice called "fuel stacking." This practice has been widely documented in the case of improved biomass stoves (e.g., ), and is shown in this issue to be pervasive for clean fuels as well, driven by factors including fuel prices and the perceived suitability of specific stoves for different cooking tasks. These case studies illustrate that even when clean fuels are heavily subsidized (see, for example, Gould et al., in this issue), a subset of households continue to rely on traditional stoves and fuels to meet some of their cooking needs. In general, programs do not take into account that fuel stacking is the norm and do not take actions to reduce stacking with traditional polluting fuels. This important result should inform household energy programs going forward, as people have a range of daily needs for fuel/cooking that need to be recognized and accommodated. This may require multi-pronged strategies that assess required energy services and promote a "cleaner stack" of multiple fuels and technologies that provide those services, rather than reliance on a single clean fuel to meet all user needs.
What financing and leadership models will lead to the greatest impact, particularly for the most vulnerable?
Most clean fuel programs include some type of public financing, at least initially. Fuel subsidies, rebates, loans, credits, etc. can either be unrelated to income or targeted to households in an income bracket, often focusing on poor to lower-middle income levels. The overarching question here then is, how can we achieve the greatest impact for the most vulnerable/poorest people in poor countries? Is it better to build a market at the national scale (e.g. Indonesia, Ecuador) that reaches the greatest number of homes and will trickle down to the poorest? Should efforts instead be directed to building a program targeted to vulnerable populations at the outset, while often focusing on much smaller numbers (e.g. Ethiopia)? Alternatively, as some programs envision, is a mixed model that combines micro-loans (Cameroon) and/or needs based subsidies (Peru) for some targeted populations, while aiming to encourage market-based recovery of costs or for-profit enterprise, likely to be most successful?
The most ambitious national programs featured in this special issue are those of Indonesia and Ecuador, both middle income countries that already offer substantial universal subsidies to fuel users (and initial LPG conversion packages in Indonesia). Both are attempting to adjust these to either move toward the cleanest fuel option (hydroelectricity in Ecuador) or create directed-to-the-poor subsidies (Indonesia). At the other extreme, we see a highly targeted program to selected refugee populations in Ethiopia to address basic needs with a clean fuel (ethanol) and initial plans to scale up from that effort.
Most of the other programs are attempting to maximize the number of households that can participate practically and with available budgets, and some general national or regional population scale goals. For example, Peru's Fondo de Inclusión Social Energético (FISE) program provides means-tested subsidies for LPG. In several LPG programs, increasing access to the poor is facilitated by producing smaller cylinders that enable more frequent, smaller purchases for those with more modest cash on hand. In Rwanda, the Inyenyeri company has experimented with a similar concept of smaller packages for pellet purchases.
How can Implementation Science help inform clean cooking program rollout and evaluation?
In this case study series we have made use of tools developed within the field of Implementation Sciencemost notably the RE-AIM frameworkin an attempt to evaluate numerous facets of these clean cooking programs, from their targets and goals through their implementation to their eventual sustainability. We found the use of Implementation Science frameworks in this project to be beneficial for data identification, data synthesis, reporting, and making comparisons across studies. Nonetheless, the application of RE-AIM to this endeavor was not without a learning curve. For example, this case study project required operationalizing the framework for the particularities of clean cooking programs, most of which were not designed with clearly identifiable public health goals foremost. We have subsequently conducted surveys among the case study authors to assess their views concerning the value of RE-AIM in the development of these cases: the results of the survey and associated analyses will be presented in a forthcoming manuscript. Further development of a list of clean cooking-specific implementation strategies and implementation outcomes is also planned as an extension of the learning from this project.
What data gaps are most critical to address in future efforts?
Finally, the development of these case studies has highlighted several areas where critical data that would enable impact assessment, particularly for health effects, is notably missing. The three most critical areas of need are listed below:
1. Improved fuel use indicator data in surveys. Historically, most programs have relied on cursory survey data to assess household fuel use. Questions documenting a household's "primary fuel," while widely available and simple to collect, are not adequate indicators of use, exposure or environmental impact. Lucikly, progress is being made (under the leadership of the the World Bank and International Energy Agency) to deploy a multitier tracking framework (International Energy Agency (IEA) and the World Bank, 2015) that provides a more detailed assessment of secondary fuels and patterns of fuel usage to address all the major sources of energy for cooking, heating, and lighting within household. These more sophisticated survey tools will greatly improve our ability to assess risk from HAP exposure in a multitude of global contexts. 2. Repeated measures to track sustained use. Beyond a focus on initial uptake, understanding consumer patterns of fuel use and stacking over a longer term (two to five-year period) is important to advance our understanding of how people respond to programs in a changing environment. For example, Asante et al. (Asante et al., in this issue) note that in the Ghana case, only 8% of LPG stove recipients report continued use of their stove 18 months post-intervention. Repeated measures of cooking behaviors in the same households at one, two and five years following the onset of a clean cooking program will be an important contribution to program evaluation and impact assessment. At least some of these measures should be objective, for example from heat sensors that are deployed as stove use monitors. 3. HAP exposure measures. Substantially reduced personal exposures to fine particulate matter and other HAP emissions, to beneficially impact health, are the ultimate aim of the household air pollution community. However, evaluating exposure toward this aim is technically challenging, expensive and very time consuming. Developing simpler, more cost-effective tools for the non-specialist and/or developing reasonable proxies for exposure would be a significant aid to both the scientific and development practice communities. Personal air pollution monitoring in subsampled populations, as well as stove use monitors or time-activity diaries to better inform likely exposures, will also be important to help fill this important knowledge gap. Outdoor air pollution exposures also need to be much more explicitly measured and understood in the settings where household air pollution is problematic.
Conclusion
This Special Issue on Scaling Up Clean Fuel Cooking Programs in Low-and Middle-Income Countries is an initial effort to document, analyze and disseminate case studies on clean fuel and technology programs in settings across Asia, Africa, and Latin America. We believe the studies in this volume offer some important early lessons and anticipate that a broad community of potentially interested scientists, policymakers and practitioners will find these of use in designing, evaluating and adapting related efforts.
As mentioned above, several of the themes raised in this Special Issue will be analyzed in a series of cross-cutting analytical papers that are currently in development and draw on the case studies in this volume. Furthermore, the ISN is currently planning for dissemination of these case studies and the lessons contained herein beyond the academic literature, to help the broader community to develop wellinformed household energy policy and associated practices that support health gains around the world.
The case studies presented here are not comprehensive. Ideally, this literature will be expanded with other documented cases in the future. There are a several important clean fuel development and distribution programs around the world that we have not been able to include in this series, but that merit substantial attention. These include: the enormous effort currently underway by the Government of India to scale up access to LPG in Below Poverty Line households; the Moroccan program that began promoting LPG in the 1950s and more heavily in the 1970s with a shift to smaller 3 kg cylinders; electrification programs in Africa and elsewhere; and smaller-scale biogas and compressed wood programs with private financing.
We suggest that applying implementation science models and frameworkssuch as RE-AIMcan be useful in future endeavors to document clean energy programs, as these frameworks allow the user to gain a comprehensive understanding of drivers of success and constraints in these efforts. We also suggest that where possible, revisiting several of the more nascent programs documented here in two to five years will yield important lessons regarding their sustainability.
While our focus in developing these case studies was to document programs most likely to yield health gains, this important goal is not the principal driver of most of the clean cooking programs we have profiled. Although health is often cited as a valuable outcome, most of these programs, and indeed most programs around the world today, are principally driven by economic development, environmental (forest) conservation, climate change mitigation and/or gender empowerment concerns (Goldemberg, Martinez-Gomez, Sagar, & Smith, 2018; Rosenthal, Quinn, Grieshop, Pillarisetti, & Glass, 2018) One result of this mismatch is that programs may be missing important opportunities to maximize health, minimize associated costs, and integrate with other services. Multidisciplinary and multisector approaches to understanding barriers and facilitators to adoption and program implementation are clearly necessary, but coordinated national policies for household energy are still uncommon. Encouragingly, some country programs profiled here (e.g. Cameroon) have presented national energy "masterplans" that represent a step forward in inter-agency coordination. This follows advice provided by the sustainable energy for all (SE4All) community, which has recognized that coordinated national policies for household fuels are important: to provide a supporting regulatory environment, minimize perverse or conflicting incentives, and to maximize access to clean fuel options. It remains to be seen, however, whether clean cooking programs can be effectively designed to achieve the multiple goals they often cite.
